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Abstract: An experiment has been conducted under AICRP on Soil Test Crop Response (STCR) at the Central 
Research Farm (Gayeshpur), Bidhan Chandra Krishi Viswavidyalaya, West Bengal to find out the effect of integrat-
ed nutrient management in ArkaHarit variety of bitter gourd. The treatments contain different organic and inorganic 
fertilizer viz. Control (T1), NPK @ 90:60:60 kg/ha (T2), Vermicompost @ 12t/ha (T3), NPK+ Vermicompost @ 3t/ha 
(T4), FYM @ 25t/ha (T5), NPK+FYM @ 6.25t/ha (T6), Mustard oil cake (MOC) @ 7t/ha (T7), NPK+MOC @ 1.75t/ha 
(T8). Application of organic and inorganic sources in an integrated manner has resulted higher in yield, physical and 
chemical parameter such as seed yield (2815 kg/ha), aggregate ratio (0.69), mean weight diameter (0.593 mm), 
geometric mean weight diameter (0.679 mm), organic carbon (1.28 %), CEC (12.88 meq/100g), available nitrogen 
(208 kg/ha), phosphorus (62 kg/ha), potassium (167 kg/ha) in higher magnitude as compare to the single application 
of inorganic fertilizer. In maximum cases, the chemical parameters is highest in harvesting stage rather than other 
stage. Quality characters such as Vitamin A, C, crude fibre are nourished in favourable way due to integrated appli-
cation of organic and inorganic fertilizers. Based on the performance, it was found that treatment combination of 
NPK+MOC @ 1.75t/ha (T8) was best among all treatments in most cases for yield, productivity and nutritional as-
pects of ArkaHarit variety of bitter gourd.   
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INTRODUCTION 
India is regarded as a horticultural paradise (Saravaiya 
and Patel, 2005), with a vast array of vegetables being 
cultivated in our country, bitter gourd is considered as 
one of the most popular and priced fruit vegetable 
among cucurbits. Bitter gourd (Momordica and cha-
rantia L.) is one of the commercially important cucur-
bitaceous vegetable crops extensively grown 
throughout the country and it has been used for a long 
time in various Asian and African traditional medi-
cines (Paul and Raychaudhury, 2010). It is also highly 
fertilizer responsive crop due to its maximum return. 
However, the indiscriminate use of chemical fertilizers 
will lead to potential menace of environment pollution, 
organic matter reduction, development of nutrient im-
balance in plant etc.  Therefore, to overcome the nega-
tive impacts of natural resources and environment, 
integrated nutrient management is a holistic approach 
which utilizes the natural resources in optimum way 
for sustaining the crop productivity on one hand and to 
reduce nutrient losses in the environment on the other 
hand. Efficient use of integrated nutrient management 
is a pre-requisite for achieving biological productivity 
of vegetable crops (Sreenivas et al., 2000). The  
combined use of organic and inorganic sources of plant 
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nutrient not only pushes the production and profitabili-
ty of field crops, but also helps in maintaining the  
permanent fertility status of the soil. In the organic 
sources, organic manures play a vital role for  
improving soil aeration, water holding capacity, soil 
structure and crop yield. Among the organic manures, 
Mustard oil cake is rich in nitrogen, phosphorus and 
potassium which are essential to maintain soil fertility 
and growth of plant. Farm yard manure is also a good 
source of nutrients. Application of farm yard manure 
resulted in better growth of spider plant as compared to 
control (Ng’etich et al., 2012).  
The present investigation made an attempt to study a) 
effect of integrated nutrient management of various 
organic manures and inorganic fertilizers on yield of 
bitter gourd, b) To study the effect of soil physical and 
chemical attributes on the performances of bitter 
gourd, c) To explore the relationship between N, P, K, 
Vit A, Vit C, Crude fibre of bitter gourd plant and phy-
sical and chemical attributes of soil. 
MATERIALS AND METHODS 
The entire investigation was planned and executed at 
Central Research Farm (Gayeshpur), Bidhan Chandra 
Krishi Viswavidyalaya, Nadia district of West Bengal 
during 2013 which is located at 23 °N latitude and 89 °
 557 
E longitude at an elevation of 9.75 m above mean sea 
level. The soil of the experimental site is loam to silty 
loam in texture with around 0.90 % of organic carbon, 
213.6 kg/ha available nitrogen, 24.57 kg/ha available 
phosphorus, 102.48 kg/ha available potassium, pH 
8.08 and adequate amount of moisture percentage. The  
experimental site is under subtropical humid region 
with maximum and minimum temperature of 34 °C 
and 20 °C respectively which receives an average  
annual rainfall of approximately 1576 mm.  
The experiment consists of eight treatments including 
combination of organic and inorganic fertilizers.  
T1- No use of fertilizer or organic manure(control) 
T2- NPK through fertilizers (90:60:60) 
T3- NPK through vermicompost(12 t/ha) 
T4- NPK through vermicompost (3t/ha) and fertilizers 
(90:60:60) 
T5- NPK through FYM (Farm yard manure) (25 t/ha) 
such as poultry organic manure 
T6- NPK through FYM (6.25 t/ha) and fertilizers 
(90:60:60) 
T7- NPK through MOC (7t/ha) 
T8- NPK through MOC (Mustard oil cake) (1.75t/ha) 
and fertilizers (90:60:60) 
Various chemical and the physical parameters were 
determined followed by standard methodologies. Fresh 
bitter gourd samples were collected and analyzed for 
quality parameters (Vitamin A, Ascorbic acid, crude 
fiber).  Ascorbic acid content of the Bitter gourd was 
estimated by titration with 2.6- dichlorophenol  
indophenol sodium salt solution (Sadasivam and  
Manikam, 1992). Vitamin A content was also  
estimated by following the method of Sadasivam and 
Manikam, 1992. The total nitrogen, phosphorous,  
potassium and yield of vine were also analyzed. The 
observed data was subjected for standard LSD analysis 
(using SPSS software, Version 20) and testing for the 
significance of treatments is made. The multiple  
comparisons are made using DMRT (Duncan Multiple 
Range Comparison) technique. The 5 % probability 
level is regarded as statistically significant. 
RESULTS AND DISCUSSION 
Seed yield of bitter gourd crop: There was a signifi-
cant (5 % probable level of significance) response of 
bitter gourd to Mustard Oil Cake (MOC) and FYM 
(Table 1) application over recommended dose of NPK 
(T2) as well as control (T1). The responses varied from 
109 to 187 % over the recommended dose of NPK. 
However, sole application of MOC and FYM also re-
gistered significant yield increase over T2. An increase 
in bitter gourd yield with NPK+ MOC; NPK+FYM 
application has also been reported by Ghosh et al. 
(2011). Among the different treatments T8 recorded 
highest yield (2815 kg/ha) compared to others. The 
application of organic manure has numerous advan-
tages, such as, improving soil physical property para-
meters, i.e., water holding capacity, water movement, 
infiltration rate, bulk density, porosity, tilth, aeration, 
soil structure, aggregate stability etc. Organic inputs to 
soil help in improving the aggregate stability 
(Bandyopadhyay et al., 2010).  
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Table 1. Seed yield of bitter gourd as influenced by integrated nutrient management during 2013. 
Treatment Treatment details Yield of Bittergourd (kg/ha) 
T1 Control 896f 
T2 Recommended dose (RD) of NPK (90:60:60) 1504e 
T3 Vermicompost @ 12.0 t/ha 1652d 
T4 RD of NPK (90:60:60) + Vermicompost @ 3.0 t/ha 2119c 
T5 FYM@ 25.0 t/ha 2452b 
T6 RD of NPK (90:60:60) + FYM@ 6.25 t/ha 2800a 
T7 Mustard Oil Cake @ 7.0 t/ha 2474b 
T8 RD of NPK (90:60:60) + Mustard Oil Cake @ 1.75 t/ha 2815a 
LSD (P=0.05) 94.02 
Table 2. Bulk density and aggregate analysis of the experimental soil under different treatment combinations.  
Treatment Bulk Density 
(Mg/m3) 
Aggregate 
ratio 
Aggregate 
Stability (%) 
Mean weight  
diameter (mm) 
Geometric mean  
diameter (mm) 
T1 1.24a 0.15f 2.00h 0.427g 0.603e 
T2(NPK) 1.20b 0.15f 2.20g 0.429g 0.607e 
T3(VC) 1.16c 0.19e 2.41f 0.518c 0.623d 
T4(NPK+VC) 1.09d 0.35d 2.43e 0.526b 0.633b 
T5(FYM) 1.08d 0.61c 2.82c 0.463f 0.621d 
T6(NPK+FYM) 1.10d 0.65b 2.70d 0.503d 0.635b 
T7(MOC) 1.12d 0.69a 2.84a 0.480e 0.622c 
T8(NPK+MOC) 1.12d 0.69a 2.80b 0.593a 0.679a 
Mean 1.14 0.43 2.52 0.492 0.628 
LSD(0.05) 0.033 0.003 0.018 0.009 0.011 
S.Em(±) 0.0110 0.0011 0.0061 0.0031 0.0035 
Mean values followed by same letter are not significantly different (P<0.05) by Duncan’s Multiple Range Test.  
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Physical attributes of the soil 
Bulk density: The highest value of bulk density was 
observed in T1 or control (1.24 Mg m-3) and the lo-
west value 1.08 Mg m-3 was observed in the 
treatments having FYM only (T5). Lower values of 
BD also recorded in other treatment combinations ha-
ving organic materials with inorganic fertilizer combi-
nation i.e. T6, T7, and T8 (Table 2). This result was 
similar to Gulser et al. (2006). He proposed that in-
creased organic matter content decreased soil bulk 
density.  
Aggregate ratio: The lowest aggregate ratio found in 
control and highest aggregate ratio found in T8 and T7 
(Table 2). The results showed that NPK with organic 
amendments caused 57 % to 78 % higher aggregate 
ratio. This is due to the fact that organic matters act as 
a chelating agent to bind the soil particle thus help in 
the soil aggregation. 
Aggregate Stability: Aggregate Stability of the expe-
rimental soil under different treatments were signifi-
cantly differed (5 % probability level of significance) 
and varied from 2.0 to 2.84 and 39 % to 80 % respecti-
vely (Table 2). The highest value was observed in 
treatment T7 (MOC @ 7 t/ha) and the lowest value in 
case of Control (T1). From the results it was found that 
sole application of FYM and MOC seemed to be better 
as compared to vermicompost in enhancing aggregate 
stability, contributing 29.6 %, 29.0% and 17.1 % over 
control respectively. 
Mean weight diameter: Highest and lowest mean 
weight diameter was found in the treatment T8 and 
control plot respectively (Table 2), although the mean 
weight diameter values of control and only NPK 
treated soil were statistically at par. The increase in 
mean weight diameter could be attributed to the input 
of addition of fresh organic residues, FYM and avai-
lable C (Kumar et al., 2013) to the soil resulting in 
enhanced microbial activity and thus binding of aggre-
gates. However, the variation of mean weight diameter 
among the treated organics might be influenced by 
either bio-chemical composition.  
Geometric mean diameter: Highest and lowest geo-
metric mean diameter was also found in the treatment 
T8 and control plot respectively (Table 2). Organic 
amendments seized this structural parameter in the 
order of MOC > FYM > VC consisting of 11.1 %, 5.03 
% and 4.73 % (over control) and 10.6 %, 4.4 % and 
4.1 % (over 100 % fertilizer treatment) respectively, 
when applied with full dose of NPK. This is due to the 
fact that organic inputs provide energy and nutrients to 
soil organism that drive soil process, which stimulate 
production of organic compound essential for soil ag-
gregate size, focused by geometric mean diameter 
(Tate, 1987). 
Chemical properties 
Soil pH: With respect to soil reaction (pH), all the 
treatments showed nearly neutral pH at all three stages. 
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In most of the cases pH declined at harvesting stages 
than earlier vine cutting and fruiting stage. The highest 
value were associated with the treatment T2 having 
Vermicompost application @ 12t/ha and lowest values 
were observed in the treatment T7 (Mustard oil cake 
application @ 7t/ha) at harvesting stage. The soil pH 
reduced significantly (5 % level of significance) with 
MOC application than Vermicompost application due 
to more organic acid production during its decomposi-
tion (Table 3). Similar observations were recorded by 
Patil et al. (2003). He conducted an experiment in rice-
wheat-greengram sequence which showed that MOC 
reduced pH significantly in NPK and MOC treatments. 
Oxidisable organic carbon: Organic carbon content 
of soil acts as an indicator of soil structure, stability, 
nutrient retention and soil erosion. The lowest values 
of organic carbon were found in control T1 (0.85 %) 
and highest value recorded in T5 (1.28 %) respectively 
at harvesting stage (Table 3). Kumar et al., (2000)  
reported that the application of organic manure in con-
junction with recommended dose of fertilizers help to 
build up the soil organic carbon as compared to  
control. 
Cation exchange capacity: Cation exchange capacity 
is a very important soil property influencing soil struc-
ture stability, nutrient availability, soil pH and the 
reaction to fertilisers and other ameliorants (Hazleton 
and Murphy, 2007). In most of the cases CEC increa-
sed at harvesting stages than earlier vine cutting and 
fruiting stage (Table 3). The highest value were asso-
ciated with the treatment T5 (NPK+ Mustard oil cake 
application @ 7t/ha) and lowest values were observed 
in the treatment T2 (Recommended dose of NPK) at 
harvesting stage. Similar observations were also noted 
by Aziz et al., (2012). He conducted an experiment in 
Soybean crop in which the soil was silty clay loam in 
nature and showed that combined use of organic and 
inorganic fertilizers can increase more CEC than inor-
ganic fertilizers.  
Available nitrogen: There was gradual decline of 
available nitrogen from vine cutting stage to harvesting 
stage in all the treatments. The available N content of 
the soil under various treatments at harvesting stage 
was as follows- T8 > T6> T4> T2 = T5 = T7 >T3 >T1. 
The addition of organic residues along with inorganic 
fertilizer i.e. integration of FYM, VC and MOC with 
NPK (T8, T6 and T4), caused an increase in higher 
magnitude as compare to the single application of inor-
ganic fertilizer (T2) (Table 3). The highest available N 
content in T8 (NPK + MOC@1.75t/ha) is probably 
due to the fact that decomposition of Mustard Oil Cake 
produces some organic ligands which helps to increase 
its availability to plants and at the same time due to 
quick mineralization of MOC, N is released in the soil 
(BARC, 1997; Sheeba and Chellamuthu, 1999).  Cha-
kraborty (2007) also reported the similar results. He 
reported that a significant increase in available N con-
tent in soil upon continuous incorporation of FYM 
with inorganic fertilizer in 21 years old long term ex-
periment. 
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Table  4. Effect of INM on nutritional quality aspects of bitter gourd. 
Treatment N in plant (%) P in plant (%) K in plant (%) Vitamin A (IU) Vitamin C (mg/100g) Crude fibre (%) 
T1 7.53g 5.52b 1.55b 352.22g 87.77c 44.17a 
T2 7.93f 4.08d 1.33c 537.06f 80.33d 33.00d 
T3 10.77e   4.93bcd 1.10d 612.60d 93.61b 41.67c 
T4 12.23c  5.28bc 0.67e 686.60c 88.71c 43.00b 
T5 12.39b 5.61b 1.08d 730.06a 110.45a 41.17c 
T6 11.51d 4.75bd 2.09a 557.46e 67.29e 41.17c 
T7 12.23c 4.45cd 0.55f 99.55h 69.28e 31.50e 
T8 13.43a 7.18a 0.28g 842.01a 60.17f 44.33a 
Mean 11.00 5.23 1.08 552.19 82.20 40.00 
LSD (0.05) 0.135 0.883 0.031 3.411 2.562 0.761 
S.Em (±) 0.045 0.291 0.010 1.125 0.845 0.251 
Mean values followed by same letter are not significantly different (P<0.05) by Duncan’s Multiple Range Test. 
Table 5. Simple correlation coefficient between soil properties and quality parameters. 
Soil Properties N in plant 
(%) 
P in plant 
(%) 
K in plant 
(%) 
Vit. A  
(IU) 
Vit. C 
(mg/100g) 
Crude fibre 
(%) 
Yield 
(kg/ha) 
pH -0.65** -0.538** 0.648** 0.26 0.503* 0.136 -0.552** 
Org C (%) 0.307 0.144 -0.107 0.478* 0.216 0.125 0.111 
CEC (meq/100g )  0.612** 0.313 -0.419* 0.084 -0.497* -0.09  0.613** 
BD (g/cc) 0.272 0.305 -0.342 -0.659** -0.468* -0.471* 0.202 
AR 0.824** 0.313 -0.292 0.043 -0.765** -0.05  0.925** 
AS (%) 0.424* 0.052 -0.145 0.014  -0.784** -0.498*  0.678** 
MWD 0.303 -0.357 -0.451* 0.31  -0.742** 0.037 0.58** 
GMD 0.386 -0.293 -0.445* 0.339  -0.729** 0.236  0.661** 
Av. N(kg/ha) 0.481* -0.331 -0.198 0.393  -0.809 0.191  0.793** 
Av. P (kg/ha)  0.571** -0.068 -0.485* 0.167  -0.847** 0.083  0.791** 
Av K(kg/ha) 0.755** 0.229 -0.391 -0.079  -0.917** -0.261 0.899 
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Available phosphorus and potassium: The available 
phosphorus was also highest in T8 at harvesting stage 
(Table 3) due to the fact that decomposition of Mus-
tard Oil Cake released organic compound which may 
increase P availability by blocking P adsorption site or 
via anion exchange (Nambiar, 2002).  
Effect of integrated nutrient management on quali-
ty characters of bitter gourd: The N, P, K content in 
plant and nutritional aspects like Vitamin A, Vitamin 
C content and crude fibre percentage under different 
treatments is presented in Table 4. The nutritional qua-
lity of Bitter gourd was enhanced in suitable way due 
to application of FYM, MOC and inorganic fertilizers 
than control. The N, P content and Vit A and crude 
fibre content was maximum in Mustard oil cake with 
fertilizers (T8).  The Vit C or ascorbic acid content 
was maximum in T5 treated with FYM with poultry 
manure. Kameswari and Narayanamma (2011)  
reported that application of poultry manure can im-
prove the quality characters like Total soluble solid 
(TSS) and ascorbic acid content of ridge gourd (Luffa 
acutangula). 
Corelation studies: Simple Correlation coefficient (r) 
between soil properties and quality parameters of 
plants were recorded in Table 5. Soil pH bears a highly 
significant positive correlation with K in plant (%) 
(r=0.648** at 1 % level of significance) Vit C (r = 
0.503*) whereas Org. C showed positive correlation 
with Vit A(r=0.478*) and CEC recorded significant 
positive correlation with N in plant (%) and yield 
(r=0.613**). Vitamin A is an important component of 
bitter gourd which contains various organic com-
pounds such as retinol, retinoic acid. Application of 
organic components such as FYM, mustard oil cake in 
soil the organic compounds of Vitamin A also in-
creases which also increases organic carbon. CEC is 
important indication of soil fertility which control ma-
ny plant nutrients and thereby increases yield. Howe-
ver, most of the soil properties showed a significant 
negative correlation with vitamin C content except soil 
pH. In lower pH values the more H+ ions are present. 
As such, lower the pH of soil the more H+ ions present 
to oxidise the ascorbic acid. BD showed negative  
correlation with Vitamin A (r= -0.659**), Vitamin C 
(r= -0.468*) and crude fibre (r=-0.471*).  
Conclusion 
Integrated nutrient management treatments rendered 
their significant effect on almost all the physical and 
chemical parameters and yield attributing characters of 
bitter gourd cv. ArkaHarit.  Therefore, the results  
revealed from the experiment that, application of inor-
ganic fertilizer along with organic manure such as 
MOC, FYM, Vermicompost not only increase the 
yield of the crop but also improve the nutrient status of 
soil. Among all the treatments T8 (NPK+ Mustard oil 
cake @ 1.75t/ha) showed best result with respect to 
seed yield (2815 kg/ha) and productivity. In the physi-
cal parameters aggregate ratio, mean weight diameter, 
geometric mean weight diameter is 0.69,0.593 mm, 
0.679 mm respectively in T8 treatment which was 
highest than other treatments. Organically amended 
soils (FYM, Vermicompost and MOC) along with  
recommended dose of NPK recorded lower pH. The 
lowest values of organic carbon were found in control 
T1 (0.65 %) and highest value recorded in T5 (1.28 %) 
at harvesting stage. The addition of organic residues 
along with inorganic fertilizer i.e. integration of FYM, 
VC and MOC with NPK (T8, T6 and T4) caused an 
increase in CEC, available nitrogen, phosphorus in 
higher magnitude as compare to the single application 
of inorganic fertilizer (T2) and control. Among the 8 
different treatments, T8 recorded highest CEC,  
available nitrogen, phosphorus in vine cutting, fruiting 
and harvesting stage. On the other hand, control 
treatment was the lowest performer for the said charac-
ters. Thus it may be concluded that, NPK+MOC @ 
1.75t/ha (T8) is putatively selected as best one among 
other treatments for fostering crop growth and impro-
vement of soil health and sustainability. 
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